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[57] ABSTRACT 
A process for producing chlorine dioxide which com 
prises 

(l) feeding hydrochloric acid and an excess on a 

[11] 4,176,168 
[45] Nov. 27, 1979 

stoichiometric basis of sodium chlorate produced 
in an electrolytic cell for producing sodium chlo 
rate into a reaction zone for producing chlorine 
dioxide; 

(2) reacting the hydrochloric acid and the sodium 
chlorate in the reaction zone to form a gaseous 
reaction product containing chlorine dioxide and 
chlorine and so that sodium chloride produced is 
precipitated to form a slurry-like residual reaction 
mixture containing the precipitated sodium chlo 
ride; 

(3) continuously removing the chlorine dioxide as the 
gaseous reaction product; 

(4) simultaneously withdrawing the slurry-like resid 
ual reaction mixture containing the precipitated 
sodium chloride continuously from the reaction 
zone; 

(5) feeding water to the withdrawn residual reaction 
mixture to dissolve the sodium chloride and form a 
solution containing sodium chloride; 

(6) blowing air or an inert gas through the solution 
containing sodium chloride to remove any residual 
chlorine dioxide and chlorine from the solution; 
and 

(7) then recycling the solution to an electrolytic cell 
for the production of sodium chlorate. 

9 Claims, 1 Drawing Figure 
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PROCESS ron PRODUCING CHLOIQQINE 
DIOXIDE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention '_ ' V 

This invention relates to a process for producing 
chlorine dioxide in which the process is superior both in 
terms of the equipment used and the economy achieved. 

2. Description of the Prior Art V‘ X 
Canadian Pat. No. 782,574 discloses an electrolytic 

process for the production of chlorine dioxide starting 
with an aqueous solution of a metalchloride. In view of 
the fact that chlorine dioxide gas in concentrated form 
is spontaneously explosive, speci?c procedures and 
equipment must be employed in this process in order to 
minimize hazards as a result thereof. Thus, the equip 
ment and process involved in conducting the process 
described in Canadian Pat. No. 782,574 is quite compli 
cated. 

Chlorine dioxide is often produced by reducing a 
chlorate, generally sodium chlorate. Known methods 
for producing chlorine dioxide involve reducing a chlo 
rate with a strong acid such as sulfuric acid or hydro 
chloric acid in the presence of an alkali metal chloride. 

Canadian Pat. No. 461,586 discloses a process for 
producing chlorine dioxide from hydrochloric acid in 
which the chlorine dioxide generator comprises a plu 
rality of reaction vessels arranged in series. A liquid 
reaction mixture containing sodium chlorate, hydro 
chloric acid and sodium chloride is fed into the upper of 
a plurality of reactors from which the solution cascades 
by gravity through the remaining reactors. This process 
for the production of chlorine dioxide is not "preferred 
since a plurality of reactors is involved and thus the 
equipment design and reaction mixture ?ow-through 
are complicated. The most efficient reduction method 
involves using hydrochloric acid as a reducing agent for 
the chlorate and a single reactor which also functions as 
a generator, anevaporator and a crystallizer, as dis 
closed in Canadian Pat. No. 969,735 (corresponding to 
British Pat. No. 1,347,740 and Japanese patent applica 
tion (OPI) No. 15391/72) and U.S. Pat. No. 3,929,974 
(corresponding to Japanese patent application (OPI) 
No. 59095/73); ' 
Reduction of sodium chlorate with hydrochloric acid 

involves the following two reactions (1) and '(2) 

To obtain chlorine dioxide with good ef?ciency, it is 
desirable to select reaction conditions which will pro 
mote reaction (1) while inhibiting reaction (2), for ex 
ample by using a suitable catalyst or by selecting the 
proportions of the starting materials fed into the reactor 
such that reaction (1) will proceed mainly. 

Sometimes, as described above to utilize sodium chlo 
ride in the spent reaction solution effectively, the recov 
ered sodium chloride is fed as a starting material to an 
electrolytic cell for production of sodium chlorate. 
For example, Canadian Pat. No.‘ 825,084 discloses a 

process for the production of chlorine dioxide and chlo 
rine and the production of an alkali metal salt in a single 
vessel by utilizing as starting materials an alkali metal 
chlorate, an alkali metal chloride and a strong acid in 
suitable proportions to generate chlorine dioxide and 
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2 
chlorine. However, after removal of the chlorine diox 
ide and chlorine generated in the reaction together with ' 
water vapor, the reaction mixture in the reaction vessel 
must be maintained at a suf?ciently high temperature 
that water is removed from the reaction medium in 
order to crystallize out the alkali metal salt of the strong 7 
acid employed which can then be withdrawn and ‘re 
covered from the reaction vessel as the alkali metal salt. 
Since an alkali metal chloride is often utilized as the 
material for production by electrolysis of the starting 
alkali metal chlorate, in the process of Canadian Pat. 
No. 825,084 only if hydrochloric acid is employed as 
the strong acid can recycling of the alkali metal chlo 
ride to an electrolytic cell for the production of alkali 
metal chlorate be considered and furthervwithout re 
moval from the alkali metal salt recovered from the ' 
reaction system, after evaporation of water therefrom, 
of residual chlorine dioxide and chlorine gas can the 
alkali metal chloride be recycled to an electrolytic cell 
for the production of chlorine dioxide without exploj 
sion hazards arising. ' r‘ 

Further, Canadian Pat. No. 826,577 discloses a pro; 
cess similar to that of Canadian Pat. No. 825,084, with 
the exception that sulfuric acid is employed as the . 
strong acid and sodium sulfate is formed as a reaction 
product. Thus, the alkali metal salt formed, sodium 
sulfate, cannot be recycled to an electrolytic cell for the 
production of sodium chlorate for utilization as a start 
ing material in the production of chlorine dioxide and 
chlorine. I , 

The method disclosed in Canadian Pat. No. 969,735 
comprises reacting hydrochloric acid with sodium chlo- ' 
rate in a reactor to form chlorine dioxide and chlorine, \ 
reducing the pressure of the reactor at that time, evapo- ' 
rating water at 'a temperature sufficient to crystallize 
sodium chloride, withdrawing a gaseous mixture of 
steam, chlorine and chlorine dioxide from the reactor, 
simultaneously recovering the solid sodium chloride 
precipitated, electrolyzing the recovered sodium chlo 
ride as an aqueous solution, and feeding the resulting 
sodium chlorate to the reactor mentioned above. 
When the above method is operated under conditions 

which will precipitate sodium chloride, the, slurry-like 
residual reaction mixture containing precipitated so 
dium chloride is withdrawn from the bottom‘ of the 
reactor. The reaction mixture is separated into a solu 
tion and the solid sodium chloride. The solution is recy 
cled to the reaction, and in the meantime, the solid 
sodium chloride is washed with water and re-dissolved, 
and fed into an electrolytic cell for- the-production of 
sodium‘chlorate. The solution of sodium chloride-is 
electrolyzed to form sodium chlorate, and the sodium 
chlorate ‘is fed into the reactor. ' 

If the slurry-like residual reaction mixture containing 
the precipitated sodium chloride is fed continuously to 
the, electrolytic cell for the production of sodium chlo 
rate without the separating treatment, the unreacted 
hydrochloric acid remains in the residual reaction mix 
ture and the pH of the residual reaction mixture be 
comes about 3 to 4 or lower. This tends to cause the 
generation of chlorine gas during the electrolysis in the 
electrolytic cell for production of sodium chlorate. 
Furthermore, since the chlorine dioxide and the chlo 
rine present in the residual reaction mixture ?ow into 
the electrolytic cell, the chlorine can react with the 
hydrogen generated in the electrolytic cell giving rise 
to explosion hazards. - 
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For this reason, this process described above requires 

a step for separating the residualv reaction mixture and a ‘ 
step for washing and re-dissolving the sodium chloride, 
and therefore, the process ‘steps become complicated. 
Moreover, according to this process, a reservoir for‘ the ‘ 
residual reaction mixture is provided beneath the reac 
tor to prevent a clogging of the withdrawal pipe be 
cause the withdrawal of the residual reaction mixture' _ 
from the reactor is conducted intermittentlyjthe:feac- I ' 
tor is at a reduced pressure, and the‘ residual reaction 
mixture withdrawn contains a slurry of sodium chlo4 
ride. Hence, the reactor must be installed at 'a high'le'vvél‘ 
above the ground, and the apparatus as a whole' ‘be-T 
comes large in size. . a 7' 

U.S. Pat. No. ‘3,929,974 discloses a process for pro 
ducing chlorine dioxide by continuously feeding an 
aqueous solution of an alkali metal chlorate and hydro 
chloric acid into a reaction zone where chlorine dioxide 
and chlorine are continuously formedby'the‘rea’ction 
between the alkali metal-chlorate and the hydrochloric 
acid. During the reaction, the reaction medium is main 
tained at its boiling point to evaporate-‘water from the 
reaction medium to form a gas“ phase in the reaction 
zone consisting of a mixture of chlorine dioxide, chlo 
rine and water vapor which is then removed from the 
reaction zone. Two embodiments of the process are 
disclosed, one in which sodium chloride produced in 
the reaction is not precipitated but rather is removed-"as 
a liquid effluent continuously to maintain the liquid 
level in the reaction zone constant and another in which 
solid sodium chloride as a precipitate is removedv from 
the reaction zone. In the ?rst embodiment in which a 
liquid medium containing the sodium chloride is re 
moved, such also contains dissolved therein chlorine 
dioxide and chlorine which is not stripped in the reac 
tion vessel, and due to the presence of thesematerials a 
series of side reactions occur, some which are particu 
larly dangerous when large quantities of hydrogen are 
mixed with the chlorine dioxide and chlorine and which 
reduce the’ ef?ciency of. the electrolytic cell used to 
convert sodium chloride into sodium chlorate. In the 
second embodiment, in which solid sodium chloride is 
removed from the reaction zone, such is continuously 
dissolved in water and then fed to an electrolyticcell 
for the production of chlorate where it is converted into 
sodium chlorate and hydrogen. Unfortunately, just as 
was the situation with Canadian Pat. No. 969,735,,this 
mixture containing solid sodium chloride removed from 
the reaction zone will also contain chlorine dioxide and 
chlorine which, when passed into an electrolytic cell, 
the chlorine can react with hydrogen generated in the 
electrolytic'cell to give rise to explosion hazards. 

SUMMARY OF THE INVENTION 
An object of this invention is to solve the above de 

scribedproblems, and to produce chlorine dioxide ad 
vantageously both from the standpoint of they equipment 
involved and the economy obtained without the need 
for a complicated and large-scaledprocess. 
The present invention provides a process'for produc 

ing chlorine dioxide which comprises . .. 
(1) feeding hydrochloric acid and an excess on a 

stoichiometric basis of sodium chlorateiproyduce'd in an 
electrolytic cell for producing sodium chloraterinto a 
reaction zone for producing chlorine dioxide; , _, 

(2) reacting the hydrochloric acid and the sodium‘ 
chlorate in the reaction zone to form a gaseous reaction 
product containing chlorine dioxide and chlorine and so 

4.116.168... 4 
that sodium chloride produced is precipitated to form a 
slurry-like residual reaction, mixture containing the pre 
cipitated sodium chloride; , i‘ ' I V ‘ ' ' ' 

(3) continuously removing the chlorine dioxide as the 
gaseous reaction product; 1 - \ V 

(4) simultaneously withdrawing the slurryilike resid 
ual reaction mixture containing the'precip'itated sodium 
chloride'contin-uously from the reaction zone; 

(5) feeding water tothe withdrawngresidualreaction 
mixture-‘to »_dissolve-'the sodium chloride and form a 

1 solution containing sodium chloride; - -~ , 
' " (6)v blowing air or aninert‘ gas through the ‘solution 

I containingasodium chloride to remove any residual 
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chlorine dioxide and chlorine from the solution; and 
315 v (7) then recycling the solution to an ‘electrolytic cell 

for- the production of sodium chlorate. 
In another embodiment, the process additionally in 

cludes‘; feeding the‘ residual‘ "chlorine dioxide and chlo 
rine removed by blowing air or an inert gas through the 
solution containing‘ the sodium chloride into the reac 
tion zone for the production of chlorine dioxide. 

'‘ BRIEF DESCRIPTION OFTHE 
' ACCOMPANYING ‘DRAWING 

The-FIGURE is a ?owsheet showing one embodi 
ment of the‘process'of ' this invention. 

a " ‘DETAILED DESCRIPTION OF THE 
' ‘ INVENTION ' 

Since in the present invention, hydrochloric acid is 
reacted with an ‘excess. of sodium chlorate, the hydro 
chloric acid is almost completely consumed in the reac 
tion, and the amount of hydrochloric acid contained in 
thesolution containing sodium- chloride formed by add 
ing water to the withdrawn residual reaction mixture is 
small, e.g., about 5 g/l or less, more ‘generally 0.5 g/l or 
less-As a result, the pH of the solution containing so 
dium vchloride formed by adding water to the with 
drawn'residual reaction mixture is maintained at about 3 
to'4 or'higher, and chlorine gas'is not generated when 
the solution containing sodium chloride, formed by add 

- ing water to the withdrawn residual reaction mixture is 
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nan'e'xicessive amount, e.g., in a molar ratio of the hydro 

electrolyzed in the electrolytic cell for the production’ 
of sodium chlorate. Furthermore, air or when gas is 
blown through the solution containing sodium chloride 
formed by adding water to the withdrawn residual 
reaction mixture from the reactor, fornprroduction of 
chlorine dioxide to‘ remove chlorine dioxide gas and 
chlorine gas dissolved in this solution, and the remain 
der is fed into the electrolytic cell for the production of 
sodium chlorate. For this reason, there is no risk of an 
explosion occurring due to a reaction between the chlo 
rine gas generated in the electrolytic cell or chlorine gas 
which flows into the electrolytic cell and'hydrogen gas. 
Thus, the step of separating the solid sodium chloride 
from the solution containing sodium chloride formed by 
adding water to_'the_withdrawn residual reaction mix 
ture necessary in the prior art is not required in the 
process of this invention. I ' ' ' ' ' 

zThe'p‘reserit invention'is described in detail by refer 
ence to the ‘Figure. In the Figure, reference numeral 1 
represents a reactor 'for the-productionofchlorine diox 
ide. ‘Hydrochloric acid and sodium chlorate as starting 
materials and as aqueous solutions arel‘fe'd separately 
into the reactor, with the sodiumchlor'ate being fed in 

chloric, acid to the sodium chlorate gene‘rallyof about 
'v,O.3:l1‘to' less than about 251', preferably 0.5:1 to 1:1, and 
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are reacted in the reactor. A suitable concentration of 
hydrochloric acid which can be usedis about 200 to 
about 400 g/l, preferably around 350 g/l and a suitable 
concentration of sodium chlorate which can be used is 
about 300 to about 600 g/l, preferably 450 to 550 g/l. 
The hydrochloric acid aqueous solution is generally‘ fed 
at room temperature (about 20°—30° C.) and the sodium 
chlorate aqueous solution is generally fed‘ at tempera 
ture of from about 60° to about 90° C. The reactor is 
maintained at reduced pressure, and water is evaporated 
at a temperature sufficient to precipitate sodium chlo 
ride as a solid salt, e.g., at a temperature 'of about 
65°-80° C. in the reactor. The resulting chlorine dioxide 
and chlorine are obtained using steam as a carrier. Thus, 
this single reactor has the function of a generator, an 
evaporator and a crystallizer, and is of the type dis 
closed, for example, in Canadian Pat. No. 825,084. 

In an electrolytic cell 2 for the production of sodium 
chlorate, an aqueous solution of sodium chloride is 
electrolyzed, and the resulting aqueous solution of so 
dium chlorate is fed into a reservoir 3. Descriptions of 

electrolytic cells which can be used are set forth in Pat. No. 3,350,286. A suitable electrolytic cell voltage is 

about 3 to about 5V, a suitable current density is about 
5 to 20 A/dm2 and a suitable temperature for the elec 
trolysis is about 45° C. or higher up to about the boiling 
point of the electrolyte, preferably 60° to 80° C. A suit 
able concentration of the sodium chloride aqueous solu 
tion in the electrolysis is about 50 g/l or more, prefera 
bly 100 to 300 g/l, and in general the concentration of 
the sodium chlorate at the outlet of the electrolytic cell 
after continuous operation (i.e., circulation of sodium 
chlorate) is about 300 to about 600 g/l. 
The aqueous solution of sodium chlorate is then fed 

from reservoir 3 to the reactor 1. In the meantime, 
hydrochloric acid is ‘fed from a reservoir 4 into the 
reactor 1. ' 

It is important for the amount of sodium chlorate vfed 
to be in excess of the stoichiometric amount for reaction 
between the sodium chlorate and hydrochloric acid to 
permit substantially complete consumption of the hy 
drochloric acid in the reaction. 

Desirably, sodium chlorate and hydrochloric acid are 
reacted while maintaining the reactor 1 at a reduced 
pressure of about 100 to about 700 mmHg, preferably 
about 100 to about 300 mmHg, and about 65 to about 
80° C. which is the boiling point of the solution at this 
pressure. These conditions are determined because it is 
preferred to maintain the reaction system at reduced 
pressure so as to promote the generation of a vapor and 
cause the chemical equilibrium in the reaction for gen 
erating chlorine dioxide to shift toward the generation 
of chlorine dioxide, and it is necessary to perform the 
reaction at a temperature below the point (about 85° C.) 
at which chlorine dioxide substantially decomposes. A 
catalyst is not necessary for this reaction but, if one is 
used silver ion, mangasese ion, chromium ion and the 
like can be suitably used in the form of fine powders 
thereof. The conditions of a high temperature (e.g., 
about 65 to 80° C.) and a reduced pressure (e.g., 100 to 
700 mmHg, preferably about 100 to about 300 mmHg) 
described above and used in this step also cause the 
precipitation of sodium chloride. . ' 

The resulting chlorine dioxide and chlorine are with 
drawn as a gaseous product 5 together with the steam. 
Although it often is not necessary to separate the chlo 
rine dioxide from the mixture of chlorine dioxide and 
chlorine gas obtained in this invention, if desired, the 
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6 
chlorine dioxide and chlorine gas may be separated. A 
suitable separation procedure comprises passing the 
gaseous mixture through cold water (e. g., at about 5° C. 
or less) whereby chlorine dioxide dissolves in the cold 
water but the chlorine gas does not dissolve in the cold 
water. 
The residual reaction mixture containing precipitated 

solid sodium chloride, dissolved sodium chloride, unre 
acted sodium chlorate, unreacted hydrochloric acid and 
dissolved chlorine dioxide and chlorine is withdrawn, 
from the reactor 1 through the inlet pipe of a thermosid 
phon-type reboiler beneath the reactor 1 while the liq 
uid level within the reactor 1 is maintained constant. A 
part of the residual reaction mixture is heated by're-t 
boiler 6, and then recycled to the reactor with the re 
mainder of the residual reaction mixture being circu 
lated to the electrolytic cell 2 after having been sub 
jected to water treatment and gas treatment. Since hy 
drochloric acid is consumed almost completely in the ' 
reaction and is present only in a very small amount as 
described hereinbefore in the residual reaction mixture, 
the pH of the residual reaction mixture is maintained in 
about 3 to 4 or higher. Water 10 heated, e.g., to a tem 
perature of about 50 to about 80° C., preferably 70 to 
75° C., by a heat exchanger 9 is continuously fed into 
the residual reaction mixture withdrawn from the reac 
tor 1 so as to dissolve the solid sodium chloride. Then, 
this mixture is fed into a tank 7 maintained at the same 
pressure as the reactor through an equalizing line (a 
ventilated pipe for causing the pressure to be uniform) 
11, and stirred to dissolve the solid sodium chloride and 
form a solution containing sodium chloride. Simulta 
neously, the dissolved chlorine dioxide gas and chlorine 
gas are removed by air 12 from which oil has been 
removed or an inert gas (e.g., nitrogen gas) and which is 
blown through the bottom of the tank 7. l 
The chlorine dioxide and chlorine removed are recy 

cled to the reactor 1 through the equalizing line 11 and 
are effectively used and pollution by the chlorine diox 
ide and the chlorine is prevented. 
Tank 7 is preferably maintained at a temperature 

above a certain point in order to facilitate the removal 
of the dissolved gases in the solution containing sodium 
chloride and the dissolving of the,precipitated salt. For 
example, good results can be obtained by, operating the 
reactor 1 at about 100 to about 700 mmHg, preferably 
about 100 to about 300 mml-lg, and about 65 to about 
80° C., adjusting the temperature of the hot water fed to 
the withdrawn residual reaction mixture at about 55 to 
about 70° C., and operating the tank 7 at about 50 to 
about 65° C. 
The sodium chloride-containing solution resulting 

from the above—described procedure which will gener 
ally contain a maximum of 100 ppm of a mixture of 
chlorine gas and chlorine dioxide is fed into a reservoir 
8 from where it is recycled to an electrolytic cell 2 for 
production of sodium chlorate. 

Since in the present invention hydrochloric acid and 
sodium chlorate are reacted with the sodium chlorate 
being present in an excessive proportion to permit sub 
stantially complete consumption of the hydrochloric 
acid in the reaction, the pH of the solution containing 
sodium chloride to be recycled to the electrolytic cell 
for production of sodium chlorate can be maintained at 
about 3 to 4 or higher. Hence, the likelihood of chlorine 
gas generation by electrolysis in the electrolytic cell for 
producing sodium chlorate is substantially minimized. 
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Furthermore, since in‘ the present invention, chlorine 
dioxide and chlorine in the solution containing sodium 
chloride are removed by blowing air or an inert gas 
through the solution, gases do not flow into the electro' 
lytic cell for production of sodium’ chlorate even if solid 
salt in the solution is not separated and washed. Conse 
quently,-there is no risk of explosion by reaction of; 
hydrogen and chlorine inthe electrolytic cell. a . 
The present invention thus .does not require the steps 

of separating and washing-of the solid sodium chloride 10 
in the residual reactionmixture, as in the’jp'rior art, and“ , 
therefore, equipment necessary for these-steps can ,be 
omitted. It is also unnecessary to provide a device for.v 
withdrawing the residual reaction mixture‘ and‘ s'eparat-f 
ing the solid sodium chloride intermittently ati'a position 
below the reactor. Hence, the process as a whole can bev 
simplified and‘ the scale is small, and the withdrawal of 
the residual. reaction mixturepand the feeding of the 
solution containing sodium chloride to the electrolytic 
cell for production of sodium chlorate can be per? 
formed continuously. v ‘ -_, . ‘ ‘ ' '7 

In addition, sodium chloride, chlorine dioxide and 
chlorine present in the solution containing sodium chlo: 
ride in the production of {chlorine dioxide can be effec§ 

tively utilized. ,' I 't Chlorine dioxide produced by the process of this 
invention can be used for bleaching of pulp and in other 
applications. ' v ‘ ' 

20" 

25 

The following Examples'are given vto illustrate the ‘ 
present invention in greater detail. Unless otherwise 
indicated, all parts percents, ratios and the like are by 
weight. ' ‘ ' 

EXAMPLE 1 ' 

Chlorine dioxide was produced under the following 
conditions using a titanium-made cylinder (inside diam 
eter_200 mm X height 1000 mm) as a‘chlorin‘e dioxide 
generating reactor 1, an electrolytic cell (bipolar elec 
trode type, 65 Amp.) as a sodium chlorate-‘producing 
electrolytic cell 2, a water ejector made of titanium, and 
a double tube type heat exchanger having a titanium 
inside pipe as a heat exchanger 9. 
(l) Electrolysis Conditions in the Electrolytic Cell 2 for 

Production of Sodium Chlorate: 
Electrolytic Cell: bipolar electrode-type, 
Current Density: 3O A/dm2 ' ' 

Electrolysis Temperature: 55? C. 
Current Ef?ciency: 90% ' ' ‘~ " 

(2) Conditions for Production of Chlorine Dioxide in 
Reactor 1: ' ' '1 ' - 

' 65 Amp. 

Hydrochloric Acid Aqueous Solution Fed to Reactorvl 
Flow Rate: 1.9 liters/hr. " " 

Temperature: 20° C. 
HCl Concentration: 345.9 g/liter ‘ 

Aqueous Solution of Sodium Chlorate Fed to Reactor 1 
Flow Rate: 6.0 liters/hr. ‘ 
Temperature‘: 60° C. ' - - - 

NaClO3 Concentration: 597 g/liter " >~ 

NaCl Concentration: 117‘g/liter ‘ -' ; Reaction Pressure in Reactor 1: ZOO'mmHg (abs.)" i ‘ ' 

Reaction Temperature in Reactor 1: 74*’ ' 
(3) Conditions for Treating'the Residual Reaction Mix 

ture: ’ ~ f~ ~ ‘I ” R 

Residual Reaction “ 

Flow Rate: 4.7 liters/hr.' ' ' ' 

35 

45 

55 " 

65 

8' . 

» ‘Terriperaturei759 C. < .:. ‘I :i i ‘ . 

-~-NaClO3 Concentration: 572 'g/liter ‘a ~. NaCl Concentration: v148 g/liter (a saturated solution 

' of l0%-by weight slurry) .- -‘ V’ t - 

‘ Hot WaterllE‘ed tostheResidualllReaction Mixture 
Flow Rate: LGliters/hr. 
Temperature: 60° -C. "I ‘ 

‘i Air :B'lown into Sodium Chloride-Containing 
‘ . , V. ,_ Mixture, . 

‘' Flow Rate: ‘200 liters/hr) 
5 Treated Sodium Chloride-Containing Mixture Fed into 

1, ,3 the ElectrolyticCell for Production of Sodium 
‘ x' 1 wChlorate: . ;-v 

Flow Rate: 6.5 liters/hr. Y 
'T'e'iriperaturezs 60° C.” a ' ' " ‘ 

vNa‘ClO3 Concentration: 416 g/li'ter " 
"NaClConcentration: l8l_ g/liter " ‘ 

(4.) Gases Produced from"Reactor 1_: y “ 
vg/hr. ‘C12 380 g/hr. Steam 7 Composition‘: C10; 500 

1 *1 2842 g/hr. u v 

‘Temperature: 75°’ C. I 
Pressure:_‘200 inrnHg (abs’.) ' _ 
.Wh'ile the inv‘ tion has been described indetail and 

with refeijence to specific embodiments thereof, it will 
be apparent to one skilled in the artthat various changes 
and modificationsicanv'be made therein without depart-_ 
ing from‘ the spirit‘an‘d scope thereof. I‘ I ’ Q 

’ What‘is claimed is: ‘ I > 

1. A process fob-producing chlorine dioxide which 
canvases» . v " , i . 

(lyteeding, hydrochloric acid and an excess on a 
stoichiometric basis_..'o_f-sodiurn chlorate ‘produced 
inan electrolytic cell for producing sodium chlo 

; lvlrateiinto a reaction zone for producing chlorine 
dioxide; , v. :; -. ' ,. 

(2) reactingthe hydrochloric acid and the sodium 
chlorate in. the reaction-‘zone atyaternperature of 
about 65° to about 80°C. under a reduced pressure 
of about 100 to about 700 mmHg to form a gaseous 
reaction product containing chlorine dioxide and 
‘chlorine and so that sodium chloride produced is 
precipitated to form a, slurr_y=like residual reaction 

;;1:: mixture. containing .the vprecipitated sodium chlo 
. rider" , .- = - v 

,(3) continuously removing the chlorine dioxide as the 
. _. gaseous reaction vproduct; v 

(4) simultaneously withdrawing,the?slurry-like resid~ 
-_ ,ualreaction mixture containing the precipitated 

sodium chloridecontinuously from the reaction 

(5)>feeding water to the ,thus gwithdrawn residual 
.i-lreaction-mixture to dissolvethesodium chloride 
and-form a solution containing sodium chloride; 

(.6) 'blowingairor an inert gas through the solution 
' . containing sodium chloride to. 'remove any residual 

’= » chlorine dioxide. and fchlorine from the solution; 
(7) recycling-the chlorine dioxide/and chlorine re 

' .=moved».'from.;the. solution to the reaction zone 
through an equalizing line; and . 

,;.;i(8) thenerec‘ycli'ng.»the-‘solution to anelectrolytic cell 
.. for 'the'produ’ction of sodium chlorate. 

~ 1 2.~ Th'e'process of claim 1, wherein the molar ratio of 
the hydrochloric acid-Ito the sodium ‘chlorate fed is 
about 0.3:1 to less than about .251. ~ ~ 
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3. The process of claim 1, wherein the hydrochloric 
acid and the sodium chlorate are fed as aqueous solu 
tions thereof at a concentration of about 200 to about 
400 g/l and about 300 to about 600 g/l, respectively. 

4. The process of claim 1, wherein the continuous 
removing of the chlorine dioxide as the gaseous product 
is using steam. _ 

5. The process of claim 1, wherein the water fed to 
the withdrawn residual reaction mixture to dissolve the 
sodium chloride is at a temperature of about 55° to 
about 70° C. 

6. The process of claim 1, wherein the use of said 
pressure in said reaction zone promotes the generation 
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of water vapor therein and causes the chemical equalib 
rium in the reaction for generating chlorine dioxide to 
shift towards the generation of chlorine dioxide and 
causes the precipitation of sodium chloride. 

7. The ~process of claim 1, wherein steps (1) and (5) 
are conducted at the same pressure. 

8. The process of claim 1, wherein said slurry-like 
residual reaction mixture is withdrawn from the reac 
tion zone via means different from said equalizing line. 

9. The process of claim 1, wherein said recycle of step 
(8) is without separating and washing sodium chloride 
present in the recycling solution. 
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